Although water is ubiquitous in the continental crust, its effect on geochronometers through mineral reequilibration is rarely taken into account. Here we present 40 Ar/
Introduction
Thermochronology is based on the Arrhenius diffusion law, where temperature is the only extrinsic parameter controlling diffusion and thereby closure of isotopic chronometers (Jäger, 1967; Dodson, 1973) . However, the presence of fluids can enhance mineral reequilibration processes (e.g. Putnis, 2009 ) which can disturb isotopic systems (e.g. Villa, 1998; 2010) . Indeed, numerous studies have demonstrated that recrystallization and/or reequilibration processes can induce disturbance of mica 40 Ar/ 39 Ar ages in metamorphic terranes (e.g. Chopin and Maluski, 1980; Hames and Cheney, 1997; Cheilletz et al., 1999; Giorgis et al., 2000; Di Vicenzo et al., 2001; Beltrando et al., 2009; Allaz et al., 2011) and also in granites (Alexandrov et al., 2002) .
In the continental crust, large shear zones are often associated with granitic magmatism (e.g. Weinberg et al., 2004) . 40 Ar/ 39 Ar dating of muscovites from these synkinematic granites represents a powerful tool to date granite cooling and therefore coeval shearing. To evaluate the potential effect of fluid-induced disturbance at sub-solidus conditions in a deforming magmatic environment, we focused on the Questembert peraluminous leucogranite emplaced along the South Armorican Shear Zone (SASZ; Fig. 1a and b) at shallow depth (1-2 kbar, Tartèse and Boulvais, 2010), implying a rapid cooling in this cold environment. Widespread syn-cooling S-C structures ( Fig. 1c ) demonstrate its synkinematic character (Berthé et al., 1979 , Gapais, 1989 . This leucogranite allows to study the behaviour of distinct isotopic systems under a fluid controlled environment. Indeed, petrographic features, whole-rock and mineral chemistry and oxygen isotopes evidence two stages of hydrothermal alteration: a high-T stage of magmatic fluid exsolution and a low-T stage involving post-crystallization fluids partly derived from the surface (Tartèse and Boulvais, 2010) . Fluid circulation throughout the granite has likely been facilitated by the pervasive and vertical S and C planes formed during its cooling (e.g. Dipple and Ferry, 1992; 4 Streit and Cox, 1998 ). The present study shows that both the K-Ar in muscovite and the U-Pb in monazite radiogenic systems were hydrothermally reset. Without a proper approach, ages measured in such environment could therefore be wrongly interpreted, which could lead to erroneous constraints regarding geodynamical reconstructions.
40 Ar/ 39 Ar and U-Pb geochronology

Muscovite 40 Ar/ 39 Ar dating
Euhedral to subeuhedral muscovite grains, with variably deformed shapes resulting from syn-deformation crystallization, were handpicked from the 0.25-1.50 mm fractions.
Mineralogical and microstructural features are given in Tartèse and Boulvais (2010).
Individual grains were analyzed by step-heating with an 40 Ar/ 39 Ar laser probe, following the procedure described in Ruffet et al. (1991; 1995 
Monazite and zircon U-Th-Pb dating
To get independent age constraints, U-Th-Pb analyses were performed on zircons and monazites separated from sample QRT07, using the SHRIMP II and SHRIMP-RG respectively (Research School of Earth Sciences, ANU). Analytical procedures followed the methods described in and in , respectively. Details on the method are given in the Supplementary Material. Isotopic compositions and corresponding dates are given in Table 2 . All errors in the text are reported at 2σ. Monazite U-Pb data yield an intercept date of 306.5 ± 3.2 Ma (Fig. 3a) , the regression line being anchored to the 207 Pb/
206
Pb value of 0.856, calculated at 307 Ma using the single stage model of Stacey and Kramers (1975) as few analyses show slight common lead contamination.
Zircon U-Pb data are more scattered (Fig. 3b) . Four data are largely discordant and likely
show the combined effects of common lead contamination and lead-loss. Seven concordant to sub-concordant analyses cluster around 310-320 Ma and yield a consistent 206 Pb/ 238 U weighted mean date of 316.1 ± 2.9 Ma. One analysis is significantly older and plots at c. 335
Ma.
BSE images of monazite grains display complex zoning patterns and/or dissolution features ( Fig. 4b to 4e ) reflecting chemical disequilibrium, while monazite in Fig. 4a seems to be homogeneous and shows a crack filled with K-Feldspar. The SE image displayed in Fig. 4f shows a monazite grain with K-Feldspar and zircon intergrowth. CL images of most of the zircon grains display cores with a typical magmatic oscillatory zoning ( Fig. 4g to 4i) surrounded by darker homogeneous rims ( Fig. 4h and 4i ). The zoned domains yielded sub-6 concordant dates around 317-318 Ma (Figs. 3b and 4g-h) whereas the analysis of a dark rim is largely discordant (Figs. 3b and 4h ). Fig. 5 shows that the most discordant data are the most contaminated by common Pb. Common lead contamination likely occurred preferentially in metamict domains or in hydrothermal rims, potentially linked to a common Pb-rich fluid input in the system (e.g. Watson et al., 1997) .
The first important result is that monazite and muscovite ages in sample QRT07 are consistent at c. Fig. 2b) , an incompatible element concentrated in late magmatic fluids (Förster et al., 1999) .
A positive correlation is also noticeable with the Nb/Ta ratio ( Fig. 2b) , whose fractionation from a typical crustal ratio of around 11 has been interpreted as a strong indicator of fluidrock interaction (Dostal and Chatterjee, 2000) . The most altered samples, with high Sn contents and low Nb/Ta ratios, are also those yielding the youngest 40 Ar/ 39 Ar muscovite dates.
Dates are thus getting younger when evidence of hydrothermal activity recorded by host rocks increases.
The chemistry of muscovite grains from the dated samples was also examined (for analytical details and chemical data, see Supplementary Material). These grains have a typical 7 magmatic shape and a size similar to the dated grains. Muscovite in the studied samples has a composition close to the stoichiometric muscovite (Si = 3.07 ± 0.02 and Al = 2.73 ± 0.04 apfu in average). In the Ti-Na-Mg diagram (Fig. 6a ), the measured compositions encompass the field of primary (i.e. magmatic) and secondary (i.e. hydrothermal) muscovite (Miller et al., 1981) . In detail, muscovite from the 319 Ma QRT01 sample plots within the primary field, muscovite from the 303 Ma QRT02 sample plots within the secondary field and muscovite from other samples ( 40 Ar/ 39 Ar dates between 315 and 307 Ma) lies between these two endmembers. When reported against the Mg/(Mg+Ti+Na) molar parameter ( Fig. 6b) , it becomes evident that muscovites are getting younger as their chemistry tends toward the hydrothermal field.
Chemical maps of the TiO 2 content ( Fig. 7) were acquired in order to precisely image chemical changes induced by hydrothermal activity. In QRT01, the transition between a Tirich core and a Ti-poor rim is very sharp and typical of magmatic growth. It cannot be interpreted as a post-crystallization solid-state diffusion, which would have induced smooth changes. From QRT08 to QRT06 and then QRT02, these Ti-zonings are less marked and associated with an absolute decrease in TiO 2 . We thus infer that all the studied grains have a magmatic origin and that most of them underwent hydrothermal alteration and recrystallization, such that they acquired secondary hydrothermal compositions. This hydrothermal alteration led to a progressive overprinting of their magmatic zoning and induced crystallo-chemical transformations throughout the entire grain (Fig. 7) . In these conditions, it is very unlikely that the muscovite K-Ar isotopic system remained undisturbed.
Discussion
The have not as they preserved the granite emplacement age. Therefore, monazite has been totally reset by hydrothermal alteration whereas zircon did not. This is in good agreement with the fact that monazite is often more sensitive to fluid-rock interactions than zircon (Ayers et al., 2006; Bosse et al., 2009; Poujol et al., 2010) . Finally, data show that a long lasting sequential and heterogeneous hydrothermal activity affected the granite after its emplacement. It may have been initiated by the release of high temperature magmatic fluids during granite solidification and continued for a long time with fluids derived from both the crust and the surface. This is in good agreement with the "two-stage alteration" that affected the Questembert granite (Tartèse and Boulvais, 2010), and with the intense hydrothermal activity that affected this part of the Variscan orogeny at the end of the Carboniferous (e.g. Gloaguen et al., 2007; Lemarchand et al., 2011) .
Conclusion
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